(1) Whiplash injury of the neck with persistent pain posteriorly.
(2) Clay shoveller's fracture.
(3) Pain between the shoulder blades indicating chronic thoracic strain, seen especially in adolescents.
(4) Persistent pain following thoracolumbar crush fracturetypically felt posteriorly in the lower lumbar area where there has been injury to the soft tissues. (5) Persistent pain and tenderness around the posterior iliac crests and posterior superior spines. (6) Sprung back or chronic lumbosacral strain.
The patient shown in Fig 12, who might easily be a nurse, complains of persistent nagging pain, worse when she is tired and worse just before the menses. Pain is felt across the lower lumbar region and tenderness is localized to the midline at lower lumbar or upper sacral level. Movements of the spine are normal, straight leg raising is unrestricted and there are no neurological signs. The pain is often very persistent and the clinical signs, apart from tenderness, non-existent. There is a tendency to label the syndrome with a functional element. This is often a harmful step, psychologically. In two years, 6 cases of fracture of the odontoid process of the axis have been treated at the Army Orthopedic Centre at Woolwich.
Road traffic accidents caused 4 cases. They had all been travelling in the front seats of the vehicles involved and were not wearing safety belts; from their associated injuries it was apparent that they had been projected upwards and forwards so that their heads had struck the roof of the car on impact. Another case occurred from a fall headfirst into a deep ditch and the last case was struck on the head by a falling weight.
All patients complained of severe pain on attempting to move the head, especially rotation. Numbness and muscle weakness occurred in 3 and dysphagia in 2. Limitation of neck movements with marked muscle spasm was present in all; hyperreflexia, increased muscle tone and sensory loss occurred in 3. Delayed neurological changes occurred in 2 cases, five months and sixteen years respectively after injury.
Radiological examination will demonstrate the fractured odontoid and also subluxation of the atlas if it be present. It is evident that a high degree of suspicion must be maintained whenever there has been injury to the head or neck: once the diagnosis is considered, the confirmation is usually easy. In all these 6 cases the fracture was readily seen on the radiographs. Proc. R. Soc. Med. Volume 61 January 1968 Treatment If seen early after injury: (I) The undisplaced fracture is put into a Minerva plaster for three months.
(2) If atlanto-axial subluxation is present then skull calipers are inserted and traction applied on a Stryker frame for one month, followed by a Minerva plaster for three months. (3) Lateral radiographs in flexion and extension to assess stability of spine. (4) Cervical collar for three months for protection.
If seen late, or after inadequate immobilization or if not united after three months conservative treatment: (1) Skull calipers and traction on Stryker frame.
(2) Occipitocervical fusion in traction. (3) Minerva plaster for three months. (4) Check lateral radiographs in flexion and extension. (5) Cervical collar for three months.
Case Histories
Case 1 Man aged 19 Involved in a traffic accident; sustained a fractured odontoid which was treated conservatively for four months. At this stage subluxation on flexion still occurred and therefore occipitocervical fusion was done. Two years later he had a full total range of movements and was symptom free.
Case 2 Man aged 46 Struck on the head and neck by a fulljerrycan of petrol which fell about 3 ft from a lorry. He was unconscious for a while and had a stiff, painful neck for weeks before it got better. Sixteen years later he developed neurological changes and a progressive quadriparesis.
He was investigated at the neurosurgery centre where radiographs of the neck revealed gross atlanto-axial subluxation. He was treated by wiring the atlas to the axis after open reduction and a bone graft applied. This did not prevent resubluxation with a year. He then came to Woolwich where occipitocervical fusion was done; at operation it had not been possible to reduce the subluxation fully. Two years later he had 50 %0 reduction of neck movements but was in full time employment; his neurological signs had not progressed; although the atlanto-axial fusion was solid, the head was still unstable, so he was regrafted.
Case 3 Male aged 32
Involved in a traffic accident, with severe head injury; unconscious for three weeks. He developed neurological signs in one arm five months after injury; radiographs revealed gross atlanto-axial subluxation. He had occipitocervical fusion but at three months the upper part of the graft still allowed subluxation in flexion. This was successfully regrafted.
Case 4 Man aged 19
Fell into a deep ditch on to his head and sustained an undisplaced odontoid fracture with some forward subluxation on full flexion; the lateral tomogram confirmed this. He was treated by a Minerva plaster. This resulted in fibrous union with no forward subluxation of the atlas on flexion; forward angulation of the upper odontoid of 20 degrees did, however, occur. The problem here is: is this sufficiently stable to withstand the further trauma expected in a healthy young man? Involved in a traffic accident, had multiple injuries and was unconscious. When he regained consciousness five days later he complained of neck pain and dysphagia. Radiographs revealed gross atlanto-axial subluxation (Fig 1) . Skull calipers and traction were applied with good reduction and he was flown back to this country on a Stryker frame (Fig 2) . Occipitocervical fusion was done (Fig 3) but unfortunately, six weeks later, whilst on sick leave in a Minerva plaster, he was taken ill and was laid down on his back. He died from inhalation of vomit. At autopsy the fusion was sound.
Case 6 Man aged 42 Involved in a traffic accident, had severe head injury and was unconscious. When he regained consciousness he too complained of neck pain and dysphagia and radiographs revealed gross atlanto-axial subluxation. Occipitocervical fusion was done and six months later he had a full range of cervical movements except that rotation was reduced by 30 degrees.
Choice ofprocedure: Occipitocervical fusion was chosen in preference to fusing only the atlas to the axis for the following reasons: (1) It fixes the skull to the massive spine of the axis, thus preventing flexion strain falling on the atlanto-axial joints. The skull, atlas and axis move in one piece and any applied stress is transmitted to the normal cervical spine lower down. (2) Fixing the frail arch of the atlas to the axis is mechanically weaker. The head is allowed to get up momentum in a Fig 2 Good reduction of the subluxation by insertion of skull calipers and applying traction flexion or extension injury and then at the limit of free movement a sudden stress is applied to the weakest part of the atlanto-axial fusion. (3) Cases have been reported of the failure to prevent regubluxation by atlanto-axial fusion. Blockey & Purser (1956) in their own first case wired the atlas to the axis, but the wire broke and resubluxation occurred. Forsyth et al. (1959) fused 11 of their 15 cases of fractured odontoid. In their first 2 cases they wired the atlas to the axis and applied a bone graft; both cases developed subluxation again. Our own Case 2 had atlas wired to axis as his first procedure; here again the wire. broke and resubluxation occurred. Limitation of movement: A criticism of the procedure is that there is a gross reduction in the movement of the head and neck. Fielding (1957) , using cineradiography, showed the following range of movements of the cervical spine: (1) Atlanto-occipital joint: Flexion 10 degrees, extension 25 degrees. (2) Atlanto-axial joint: flexion 5 degrees, extension 10 degrees, rotation 45 degrees. 
fusion
Theoretically fusion of atlas to axis alone causes loss of 15 degrees of flexion-extension and 45 degrees of rotation. Fusion of occiput to axis causes loss of 50 degrees of flexion-extension and the same loss of rotation. In practice, compensatory movement of the lower cervical spine takes place and patients may regain a full total range of movements. Fine control of nodding movements is, however, lost.
The plan of treatment used here was originally laid down by Mr D J Cowan, under whose care the first 5 cases were; my thanks are due to him and to Lieutenant Colonel R H Freeman for their help and encouragement. With minor modifications of technique, such as the use of a rigid cervical brace instead of the Minerva plaster, the plan has remained unchanged. Most cases of fracture of the odontoid process, especially those with displacement, should be rigidly fixed and occipitocervical fusion is the method of choice.
